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Abstract
This study assessed the significance of implementing combination codes generated by USDA’s Automated Multiple 
Pass Method and the impact on the assessment of snacking using the Healthy Aging in Neighborhoods of Diversity 
across the Life Span (HANDLS) study. African American and White participants (n=2177) completed two 24-hour 
dietary recalls. All self-reported snacks were assigned a food group code, while snacks eaten in combination (e.g. 
cereal with milk) were additionally assigned a combination code and associated with a food group based on primary 
component (e.g. cereal). Combination codes produced significant variation in snack lists by race, providing a better 
depiction of snacking patterns.
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of [National 
Nutrient Databank Conference Steering Committee]
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1. Introduction
There is limited knowledge of foods as typically consumed by urban African American and White 
populations1-5. Perhaps the health disparities that exist in the United States may be associated with not 
only the food choices, but also eating practices. For example, a baked potato could be consumed with no 
toppings or it could be eaten topped with butter, sour cream, and cheese. Analyses of dietary intake data 
that includes codes to identify foods consumed simultaneously as one item can reveal more insight into 
how populations eat.  With a better understanding of eating practices of populations, nutrition educators, 
health professionals, and public health policymakers may be able to translate nutrition goals into 
practical, culturally relevant, and sex-specific diet recommendations6, 7.The public-use dietary datasets 
for the Healthy Aging in Neighborhoods of Diversity across the Life Span (HANDLS) study and the 
What We Eat in America, National Health and Nutrition Examination Surveys contain coded foods which 
© 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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are used to explore the relationships between diet and health8-11
A combination code identifies foods that were consumed simultaneously as one item such as coffee 
with milk and sugar, and foods with separate ingredients, such as salads and sandwiches. These 
combination codes allow researchers the ability to create a composite food and assign this item (such as a
sandwich) one code. Use of the combination codes has been shown to be critical for accurate 
identification of beverages when estimating energy density
. The assignment of a code for each food 
and beverage reported in United States Department of Agriculture’s (USDA) Automated Multiple-Pass 
Method (AMPM) is required to link that item to an appropriate nutrient profile within USDA’s Food and 
Nutrient Database for Dietary Studies.  The assignment of a food code is completed one of two ways:  1) 
automatically through the Post Interview Processing System, a computer program separate from the 
AMPM or 2) manually by a coder using Survey Net, a computer-assisted coding system.  In addition to 
the food code assigned to food/beverage reported, foods or beverages may also be given combination 
codes to identify items consumed together as combinations.  The AMPM assigns combination codes, and 
Survey Net as well provides the ability for a coder to assign combination codes.
12 and when estimating the sodium from 
sandwiches13
To create a picture of how foods are actually consumed, the use of these combination codes in 
analyses is essential. Similar to the selection of a dietary intake collection method, the coding variables 
used in dietary data analysis must match the purpose of the study. Unfortunately, our review of the 
literature revealed either a lack of detailed description as to use of food combination codes
.
14 or exclusion 
of food combinations in analysis15, 16 when researchers were determining food patterns. The main 
objective of this study was to compare two coding methods to illustrate the importance of using the 
combination codes to provide the best depiction of how foods were typically consumed as snacks by the 
participants in the HANDLS study. 
Nomenclature
AMPM Automated Multiple Pass Method
FNDDS Food and Nutrient Database for Dietary Studies
HANDLS Healthy Aging in Neighborhoods of Diversity across the Life Span
PIR Poverty Income Ratio
USDA United States Department of Agriculture
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2. Methods
2.1. Background on HANDLS study
The HANDLS study, a community-based, prospective epidemiological study, was designed to 
examine whether race and socioeconomic status influence age-related health disparities independently or 
synergistically.  Participants were drawn from 13 pre-determined neighborhoods in Baltimore City, 
yielding representative distributions of individuals between 30 and 64 years old who were African 
Americans and Whites, men and women, and lower (<125% 2003 United States Department of Health 
and Human Services poverty guidelines17
The second phase was completed 4 to 10 days later, on mobile medical research vehicles located in the 
preselected census tracts where participants resided.  This phase included the second dietary recall, a 
medical history and physical examination, cognitive evaluation, physiology assessments including heart 
rate variability, arterial thickness, carotid ultrasound, assessments of muscle strength and bone density, 
and laboratory measurements. 
[PIR]) and higher (>125%PIR) socioeconomic status. There 
were 2 phases in the baseline HANDLS study.  The first phase was done in the participant’s home.  This 
phase consisted of an in-home interview that included questionnaires about the participant’s health status, 
health service utilization, psychosocial factors, neighborhood characteristics, demographics, and the first 
dietary recall. 
This study was conducted according to the guidelines laid down in the Declaration of Helsinki 
and all procedures were approved by the Institutional Review Boards at MedStar Health Research 
Institute and University of Delaware.  Written informed consent was obtained from all HANDLS 
participants, all of whom were compensated monetarily.  Further detailed information on the study 
design, eligibility and subject recruitment, and data collected can be found elsewhere.
2.2. Study Sample
18, 19
Baseline data collection began in August 2004 and ended March 2009, with a total of 3720 
participants.  The sample consisted of 2177 socioeconomically diverse African American and White 
individuals who completed two days of 24-hour dietary recalls. Participants who completed only one 
recall day (n=1543) were not included because two days of recall provides a better representation of usual 
intakes. There were no statistical differences in demographic data or energy and nutrient profiles of the 
participants who completed one or both days of dietary recall. Thus the study sample is considered 
representative of the entire HANDLS baseline sample.
Characteristics of the HANDLS study participants are provided in Table 1. For the overall sample the 
mean (±SE) age was 47.8 ± 0.2 years and approximately half (57%) was female.  The racial composition 
was 58% African American.  Self-reported socioeconomic status revealed 43% with a household income 
<125% PIR. About one-third of the sample had less than a high school education. Among the African 
Americans, 48% have less than an 8th grade literacy rate compared to 26% among the Whites. Over 40% 
of the study sample were current smokers. The mean usual energy intake of the women was about 1,800 
kcal and 2,450 kcal for men.
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Table1. Characteristics of HANDLS Participants by Race and Sex (n=2177)
Characteristics AA Women
(n-708)
AA Men
(n=553)
W Women
(n=524)
W Men
(n=392)
X or %± SE X or %±SE X or %±SE X or %±SE
Age, yrs (X) 47.9±0.3 47.7±0.4 47.7±0.4 48.1±0.5
Education (% <High school) 31.5±1.7 35.8±2.0 30.9±2.0 32.1±2.4
WRAT Literacy (% th grade) 47.4±1.9 49.5±2.1 25.7±1.9 26.9±2.2
Poverty Status (% <125% DHHS 2003 PIR)  53.1±1.9 48.3±2.1 35.7±2.1 26.5±2.2
Employed in last month (% Unemployed) 48.9±1.9 43.0±2.1 45.0±2.2 30.9±2.3
Smoking (% Currently) 43.9±1.9 58.8±2.1 44.2±2.2 46.5±2.5
Energy Usual Intake, kcal (X) 1812±1.9 2442±130 1827±22 2564±39
2.3. Dietary Intake Collection Method
The USDA validated 5-step Automated Multiple-Pass Method dietary recall survey software was used 
to collect both dietary recalls.20, 21
Foods and beverages reported in the dietary recalls were coded with their own unique food codes using 
the Food and Nutrient Database for Dietary Studies (FNDDS) version 3.0 in the Survey Net coding 
software.
The survey was supplemented by measurement aids such as measuring 
cups, spoons, ruler, and an illustrated Food Model Booklet to assist participants in estimating accurate 
quantities of foods and beverages consumed.  Trained interviewers administered both 24-hour dietary 
recalls.  Eating occasions were self-reported and included snack as one of the eight eating occasions. 
Snacks were foods and beverages not consumed with main meals – breakfast, lunch, or dinner.
22, 23 Combination codes assigned initially by AMPM were reviewed in Survey Net, providing 
the coder the ability to change, remove or add new codes to ensure that foods eaten together were 
correctly linked.23, 24 Combinations were defined using two separate variables – a combination food 
number, which distinguishes foods as eaten in combination, and combination food type. Examples of 
combinations include cracker with such additions as cheese or peanut butter, toppings added to ice cream, 
bread/baked goods with additions such as jelly or chocolate, and sandwiches. There were 14 combination 
types defined by USDA (beverage, cereal, bread/baked product, salad, sandwich, soup, frozen meal, ice 
cream, dried beans/vegetable, fruit, tortilla, meat/poultry/fish, lunchables, and chips), excluding a 
category of “99-other food mixtures”.23
The coders of HANDLS study participant dietary recalls completed a multiple day training workshop 
and were given a coder reference manual which provided general instructions for reviewing and coding 
food intakes.  This manual also included a chapter dedicated to combination codes and outlined the 
protocol to be used when assigning food groups to combinations. Their supervisor, a nutritionist and 
Registered Dietitian, performed quality reviews of coded recalls to ensure consistency in coding and 
compliance with protocol. The coders also completed quarterly trainings on coding.
For this study, the researchers created five additional 
combination types based on foods found in the “99” category (pasta dishes, rice dishes, Asian dishes, 
pizza, and dairy). A total of 19 unique combination types were used for analysis. 
2.4. Statistical Analyses
Duplicate analysis methods were performed on two separate datasets, specifically the Dataset-Original 
and Dataset-Revised.  Dataset-Original consisted of all foods reported as the eating occasion “snack”.
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Each food item retained its original respective USDA food code.  This dataset includes snack foods that 
were reported consumed as individual items and selected composite (i.e. already coded as combinations) 
foods.  Examples of composite snack foods include grilled cheese sandwiches and brand name fast food 
items (McDonald’s hot fudge sundae). 
The Dataset-Revised was derived exclusively from the Dataset-Original. First, foods reported 
consumed at a “snack” eating occasion in combination (i.e. containing combination codes) were isolated 
from those without combination codes. The dataset of snack foods with combinations codes was then 
modified to reflect their concurrent consumption as a single snack food item. Specifically, snack foods 
consumed simultaneously [as a distinct food item] were aggregated into one food record and given a new 
individual food code associated with a food group. The final step involved appending the newly 
aggregated foods with the remaining non-combination foods into the Dataset-Revised. Detailed 
description of the creation of these datasets is described by Mason et al.1
The frequency of reported intake over both days of dietary recalls was calculated and categorized into 
one of 58 food groups.  The nine major food groups in the FNDDS, namely (1) milk and milk products,
(2) meat, poultry, fish, and mixtures, (3) eggs, (4) legumes, nuts, and seeds, (5) grain products, (6) fruits,
(7) vegetables, (8) fats, oils, and salad dressings, and (9) sugars, sweets, and beverages [22], were 
expanded for this study to separate groups by their fat, sugar, and sodium content.  Since foods eaten 
simultaneously that were assigned combination codes represent multiple food groups, the main food 
component was used to define the appropriate food group in the Dataset-Revised.  For example, chips 
with salsa were associated with salty snack group.  Next, the frequency of reported intake was calculated 
for all foods consumed in Dataset-Original along with foods consumed in Dataset-Revised.
For this study, a frequency of consumption of snacks by race and by sex was generated.  Snacking 
records accounted for 15.2% of the non-combined original dietary data.  The most frequently consumed
snacks from selected food groups were determined.  For lack of a clear cut-point in the descriptive 
frequency analyses, the top 19 food groups from the Dataset-Original were selected as a representative 
majority of the snacks eaten (Tables 2 and 3).  These 19 food groups represented a minimum of 80% of 
the top foods eaten as snacks.  The total percent contributed by the top 19 food groups for snacks was 
always greater when using Dataset–Revised compared to Dataset-Original, accounting for approximately 
99% of snacks (Tables 2 and 3). Statistical analyses were performed with SAS statistical software 
Version 9.3 (SAS Institute, Cary, NC, 2010). 
Results
To our knowledge this is the first publication that compares snack intakes with and without using the 
combination codes. As shown in Tables 2 and 3, when foods eaten in combination were coded as an 
aggregate, not only did the percent contribution of snack food groups change, but also new snack food 
groups appeared.  Food groups unique to a dataset were presented in bold font in Tables 2 and 3. For 
instance, refined breads and grains ranged from 4-5% with the Dataset-Original to 1.7-1.9% in the 
Dataset-Revised lists, reflecting the incorporation of breads into sandwiches. Food groups such as sugar 
and condiments, disappeared from the list because they were eaten as an addition to a snack food, namely 
beverages and sandwiches, respectively.  
The top snacks reported by both the African American and White adults examined in the HANDLS 
study were salty snacks, grain-based desserts and sweetened beverages. Salty snacks included chips, 
pretzels, and crackers. Grain-based desserts included cakes, cookies, doughnuts, and pies. Sweetened 
beverages included sweetened tea, sweetened coffee, fruit-flavored drinks, and soft drinks. These three 
groups contributed 40% of all snacks and the proportion contributed to snacks by race was not 
significantly different based on analyses with the Dataset-Revised. The next three food groups which 
contributed approximately 25% of all snacks were candy, non-citrus fruits, and diet beverages. Non-citrus 
fruits contributed less than 10% of all snacks. Diet beverages reported by African Americans contributed 
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significantly less to snack foods compared to Whites (p=0.01). The use of the combination codes captured 
65% of all snacks with six food groups compared to 11 food groups when no combination codes were 
utilized. Using the Dataset-Revised, the contribution of the sandwiches and meat/food groups was 
significantly greater for African Americans than White adults (p< 0.01 and p<0.0001, respectively). The 
reverse was observed for regular fat milk (p=0.0013), processed cheese (p=0.0002), ready-to-eat cereal 
(p=0.0024), diet beverages (p=0.0112), and bars (p=0.0043). Bars include such items as granola as well 
as fruit filled grain-based bars.
Table 2.Typical snacks of an African American urban population defined by frequency of reported consumption: A comparison 
of analyses using different coding approaches.
Dataset-Original
All coded foods entered analysis as individual
items
Dataset-Revised
Coded foods identified as combinations
entered analysis as aggregates
Food Groups % Food Groups %
Grain-based desserts 11.8 Salty snacksa 15.9
Salty snacks
b
11.6 Grain-based dessertsa 15.5
Sweetened beverages
b
7.6 Sweetened beveragesa 11.7
Candy
b
7.4 Candya 8.9
Fruit, excludes citrus
b
6.9 Fruit, excludes citrusa 8.8
Refined breads and grains
b
5.0 Diet beveragesa 7.5
Dairy desserts
b
3.5 Dairy dessertsa 5.2
Coffee
b
3.5 Sandwiches 4.8
Diet beverages 3.3 Meat/Seafooda 4.8
Luncheon meats 3.1 Pizza 3.2
Vegetables, excludes green, orange, starchy 2.9 Nuts and nut butters 2.8
Sugar 2.7 Starchy vegetables 2.3
Nuts and nut butters 2.6 Refined breads and grains 1.9
Citrus fruit
b
1.9 Regular fat milk 1.5
Poultry 1.8 Alcoholic beverages 1.4
Condiments 1.7 Ready-to-eat cereals 1.4
Ready-to-eat cereals 1.7 Processed cheese 0.8
Processed cheese
b
1.5 Barsa 0.7
Alcoholic beverages 1.1 Dairy products 0.5
Total 81.4 99.3
Note: Different superscript letters for same food group indicates statistically different (p<0.01).Bolded font indicated food groups 
that only appear among the top 19 food groups. The proportion of snacks contributed by sandwiches, pizza, and bars from the 
Dataset-Revised was statistically greater than that of Dataset-Original (p<0.0001). There were no statistical difference for alcoholic 
beverages (p=0.22). No statistical comparisons were performed for the following bolded groups: coffee, luncheon meats, 
vegetables, sugar, poultry, condiments, (Dataset-Original) and meat/seafood (Dataset-Revised) due to lack of data.
When comparing the lists of snack foods reported by African American adults derived from the 
Dataset-Original to the Dataset-Revised, coffee, luncheon meats, sugar, poultry and condiments only 
appeared as snacks when the combination codes were not used (Table 2). When the combination codes 
were used, these 5 groups were replaced with sandwiches, meat/seafood, pizza, alcoholic beverages, and 
bars. The types of vegetables used as snacks changed when combination codes were used. Starchy 
vegetables, mostly French fried potatoes, were identified as a snack with the Dataset-Revised, whereas 
vegetables other than green, orange, or starchy type were seen in the list derived from the Dataset-
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Original. Lettuce was typically the other vegetable and was most likely incorporated into sandwiches 
along with the luncheon meats or poultry, and the condiments. A comparison of the food groups 
presented in both datasets in Table 2 revealed significant differences for 9 food groups contributing 
snacks.
Similar to the results for the African American adults, sandwiches, meat/seafood, pizza, alcoholic 
beverages, and bars appeared on the snack list for White adults when the combination codes were used in 
analysis (Table 3). Coffee, sugar, luncheon meat, and natural cheese were snacks that appeared on the list 
generated from the Dataset-Original but were not apparent in the list generated from the Dataset-Revised.
Interestingly, the percentage of sweetened beverages increased from 5.7 % to 10.3% when combination 
codes were used. Once again, the type of vegetable in the snack list changed as previously described.
Both racial groups consumed sweetened ready-to-eat cereals such as Lucky Charms®, Frosted Flakes®,
and Cinnamon Toast Crunch® over unsweetened cereals like Corn Flakes® and Rice Krispies® as snacks. 
Table 3. Typical snacks of a White urban population defined by frequency of reported consumption: A comparison of analyses using 
different coding approaches.
Dataset-Original
All coded foods entered analysis
as individual items
Dataset-Revised
Coded foods identified as combinations
entered analysis as aggregates
Food Groups % Food Groups %
Grain-based desserts 11.1 Grain-based dessertsa 15.3
Salty snacks
b
10.4 Salty snacksa 14.8
Fruit, excludes citrus
b
7.0 Sweetened beveragesa 10.3
Candy
b
6.8 Fruits, excludes citrusa 9.3
Sweetened beverages
b
5.7 Diet beveragesa 9.2
Coffee
b
5.4 Candy 8.8
Dairy desserts
b
4.1 Dairy dessertsa 6.1
Refined breads and grains
b
4.0 Sandwichesa 3.5
Diet beverages 3.9 Nuts and nut buttersa 3.4
Nuts and nut butters 3.5 Starchy vegetables 2.6
Sugar 3.1 Pizza 2.6
Ready-to-eat cereals 2.9 Regular fat milk 2.6
Dairy products
b
2.7 Ready-to-eat cerealsa 2.4
Vegetables, excludes green, orange, starchy 2.5 Meat/seafood 2.2
Reduced/non-fat milk 2.1 Processed cheese 1.8
Luncheon meats 1.8 Refined breads and grains 1.7
Regular fat milk
b
1.6 Barsa 1.4
Natural cheese 1.4 Alcoholic beverages 1.2
Processed cheese 1.3 Dairy products 0.7
Total
b
81.2 99.7
Note: Different superscript letters for same food group indicates statistically different (p<0.01). Bolded font indicated food groups 
that only appear among the top 19 food groups. The proportion of snacks contributed by sandwiches, starchy vegetables, and pizza 
from the Dataset-Revised was statistically greater than that of Dataset-Original (p<0.0001). There were no statistical difference for 
alcoholic beverages (p=0.21). No statistical comparisons were performed for the following bolded groups: coffee, luncheon meats, 
vegetables, sugar, and natural cheese (Dataset-Original), and bars and meat/seafood (Dataset-Revised) due to lack of data.
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The impact of implementing combination codes on the assessment of snacking by men and women 
was also evaluated. The use of combination codes resulted in changes to the Dataset-Original list of 
snacks consumed by men and women (data not shown). Coffee, sugar, luncheon meats, and citrus fruits 
were included as snacks when the analysis used the Dataset-Original. These food groups were not found 
in the snack list generated from the Dataset-Revised. Sandwiches, pizza, bars, and alcoholic beverages 
appeared on that list. Most likely the sugar was added to coffee which increased the percentage of 
sweetened beverages, and luncheon meats were incorporated into sandwiches. Once again there was a 
change in the vegetable group. Vegetables, excluding green, orange and starchy seen on the Dataset-
Original list was replaced by Starchy vegetables when the analysis was performed with the Dataset-
Revised. The list of snacks consumed by men and women were similar regardless of the dataset used. 
4. Discussion
The findings of this study reveal that the use of combination codes provides a better picture of snacks 
consumed by the HANDLS study participants. Typically, researchers focus on the end result of dietary 
intake- the foods and nutrients a person is consuming and their effects on health.  If instead researchers 
examine the way people are eating by utilizing combination codes, a more realistic picture of how food 
actually looks on a person’s plate is created.  This approach in analyses would allow for more specific 
recommendations and targeted nutrition programs for populations to improve overall dietary intakes.
The nutrition-related health outcomes of snacking most likely varies with different target populations 
and is influenced by many factors such as cultural diversity and food security.25 Snacking can improve 
overall diet quality; however, the most frequently reported snacks for the HANDLS study participants 
were high in empty calories -salty snacks, grain-based desserts, sweetened beverages, and candy- results 
that are consistent with other reports in the literature.25-27
Although there were no noteworthy differences in types of snacks consumed between the racial groups 
or between men and women, the analytical methods did produce differences in the list of snacks. These 
results differed from our previous study which reported differences by race using the combination codes 
at mealtimes, specifically breakfast, lunch, and dinner.
Thus, the health-promoting qualities of foods 
and beverages consumed as snacks by the HANDLS study population are debatable. 
1
A strength of this study is that it provides information on a socioeconomically diverse urban 
population of African American and White adults which are an understudied group. Another strength is 
that the list of snacks was based on two 24-hour dietary recalls which would provide a better 
representation of food intake. Even though these results describe a population that resided in Baltimore, 
Maryland, independent demographic analyses produced findings supporting this population was 
representative of urban populations from US cities with similar population densities and racial 
distribution. These cities include Atlanta, GA; Bridgeport, CT; Bridgeton, NJ, Buffalo, NY; Camden, NJ; 
Carson, CA; Chicago, IL; Cleveland, OH; Detroit, MI; Harrisburg, PA; Hartford, CT; Oakland, CA; 
Springfield, MS; and Trenton, NJ.
This difference might be attributed to the greater 
variety of foods consumed over these mealtimes.
28
In conclusion, the findings of this study are consistent with our previous research1, indicating that the 
use of combination codes in dietary analyses does influence the results of dietary pattern investigations. 
Using combination codes may provide educators better insight to dietary practices which can be valuable 
when developing targeted nutrition-related messages. Accurate knowledge of how people choose and 
combine the foods they consume may also provide better insight to nutrition researchers and policy 
makers on the relationships between diet and health. 
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